ABSTRACT
BioConductor is an open source and open development project to support the analysis of genomic data (Gentleman et al., 2004) . Written in the programming language R (Ihaka and Gentleman, 1996) , BioConductor allows biological data to be placed in a solid statistical framework, particularly desirable when analyzing the large numeric datasets arising from microarray experiments.
Simpleaffy is a BioConductor package, designed to work alongside the core 'affy' package from BioConductor (Gautier et al., 2004) . It was originally conceived to provide high level functions that would support our standard workflow for analyzing simple microarray experiments.
As microarrays have grown in size (for example, a single HGU133plus2 array represents ∼47 000 transcripts with over a million discrete features) many common tasks, such as generating fold-changes and t-tests between replicate sets, have become increasingly time consuming. R provides an API for including C or C++ implementations of functions within a package, and this was used to provide fast methods for calculating fold-changes and t-tests. In addition, the MAS 5.0 algorithms for generating expression summaries (Hubbell et al., 2002) and for generating detection calls (Liu et al., 2002) have also been implemented in C, for speed. These have been tested using a variety of datasets covering different organisms and array types, details of which can be found on the supplementary website.
Speed improvements are, of course, dependent on individual machine specs, load and dataset size. Lack of space prevents a detailed exploration of timing; however, on a dual processor, Linux * To whom correspondence should be addressed.
system, we see a speed up ranging from ∼7-to 17-fold, depending on the number of arrays (e.g. 1 HGU133A array: 7-fold; 8 arrays: 14-fold; 16 arrays: 16-fold; and 32 arrays; 17-fold).
Simpleaffy also implements a set of QC metrics recommended by Affymetrix for assessing the quality of RNA samples and their subsequent labeling and hybridization. These are described in detail in their 'Expression Analysis Technical Manual' (Affymetrix, 2004, http://www.affymetrix.com/support/technical/manual/ expression_manual.affx); summaries can be found on the supplementary website and in the documentation that accompanies the package. All the metrics are based (and thus dependent) on values calculated from the MAS 5.0 expression summaries, the detection p-values or from intermediate values produced within the algorithms themselves.
QC is clearly an important aspect of microarray analysis; different QC metrics are also offered by other packages. In particular, 'affy' supplies 'RNA degradation plots' (see below), whilst 'affyPLM' offers a set of metrics, including model-based approaches and pseudo array images that can be used to help identify physical artifacts on arrays. Simpleaffy's QC metrics are complementary to these, providing access to standard QC techniques that are widely used and understood within the Affymetrix array processing community.
Below is a brief overview of the QC metrics implemented in simpleaffy.
Scale factor
The MAS 5.0 expression summary algorithm normalizes arrays by scaling them to a common value. If scale factors between arrays are large, then it is an indication that issues may occur when trying to compare between chips.
Background level
High background level can affect signal-to-noise ratio and is indicative of problems during sample processing.
Percentage of genes called present
Detection calls (Liu et al., 2002) can be used to flag genes as having been reliably detected. The percentage of present calls is used to provide an overall measure of quality. Large variations in present calls between similar samples can signal problems, especially when considered alongside scale factor and background level.
/5 ratios
Affymetrix have designed probesets to hybridize to either end of certain, long, transcripts (typically GAPDH and beta-actin) Fig. 1 . A plot of QC metrics for nine arrays from an experiment to evaluate amplification protocols (Wilson et al., 2004) . Each line represents an array. For each line, top value % present call; bottom value, average background; circle, GAPDH ratio; triangle, beta actin ratio; line, scale factor. The shaded region represents the range where scale factors are within 3-fold of each other (centered around the mean). Three arrays clearly stand out as having high gapdh and beta actin ratios and high scale factors. (Fig. 1 ). Affymetrix's standard labeling protocols rely on a reverse-transcription step to amplify RNA and incorporate a labeled tag (Affymetrix, 2004; Wilson et al., 2004) . This is primed by the poly(A) tail of the transcript; all transcription should in theory proceed from the 3 end of the gene. RNA degradation, or problems during labeling, can lead to under representation at the 5 end, allowing the ratio between signals from 5 and 3 probesets to be used to assess RNA quality and labeling. (In certain situations, probesets targeting the middle of the transcript can also be used). The degradation plots from the 'affy' package offer a conceptually similar approach, based on ordering probes within a probeset according to their 3 position and then combining the signal from similarly located probes across the array (Gautier et al., 2004) . Here we provide access to the standard metric routinely used by labs to assess quality, a combination of 3 /5 ratios and degradation plots is often useful.
Space does not permit a discussion of what bounds these different parameters should take, more information can instead be found in the Supplementary Material. This is in part because values are highly dependent on the type of sample being assayed; what is acceptable for a hard to get sample, processed via an amplification protocol, is probably different from what would be acceptable from a cell-line experiment, for example. It is also the case that a drop in QC scores is often associated with a drop in signal-to-noise ratio. This can result in fewer genes being detected reliably, with a consequent decline in the number of genes passing a statistical filter, and a corresponding reduction in true positives. However, it is important to emphasize that where arrays show different values for QC it can be manifested by differences in measured intensity for particular transcripts. If normalization is unable to cope with these variations, the result can be apparent (but false) differences in gene expression. Thus, we feel that overall consistency between samples in an experiment is often more important than the absolute values of the QC parameters themselves.
Additional functions are available for computing fold-changes and t-test, and for generating plots and annotation summaries (as well as those offered by other packages within R and BioConductor). These are described in the package vignette.
In conclusion, simpleaffy provides access to a series of QC metrics that are widely accepted within the Affymetrix array processing community. It is important for bioinformaticians to be aware of these metrics and to be able to consider array quality with these in mind.
